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ABSTRACT : PROBLEM TO BE SOLVED: To obtain a high permittivity thin film which is uniform in 

compositional distribution in a thicknesswise direction, high in permittivity, and small in 
leakage current by a method wherein the relative ratio of a Ti material flow rate to the sum 
of a Ba material flow rate and an Sr material flow rate is increased in a process where the 
film is formed. 

SOLUTION: DipivaloyI methane(DPM) compound of Ba, a DPM compound of Sr, and a 
DPM compound of Ti are dissolved into organic solvent as Ba material, Sr material, and Ti 
material respectively, and a barium strontium titanate (Ba, Sr) TiOs film (BST film) is 
formed through a CVD method by the use of a solution of the organic solvent and the 
above salute. In this case, the relative ratio of a Ti material flow rate to the sum of a Ba 
material flow rate and an Sr material flow rate is increased while the thin film is formed. 
For instance, a lower electrode is formed by sputtering Ru, and a first BST film is formed 
uniform in compositional distribution in a thicknesswise direction changing a material 
solution in flow rate as shown in a Figure, The first BST film is annealed in an atmosphere 
of nitrogen gas, and then a second BST film is formed thereon through a CVD method. 
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(57) imm] 

St) T i O3 



a 

IM^^^] Ba, Sr, T i CODPM (i^bV^a^ 

t::^ft?^'^fcB a (DPM) 2 /THF, Sr (DP 
M) 2 /THF, T 1 O (DPM) 2 /THF^fS^iS 
JlsF^^St L. B aliJfSl-^i^BjlUJS rSJlSl-atAt^atC^ 

CVDm\Z^^ (Ba, Sr) T i O3 l^$:?i^^-r^o 
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r) T i O3 ]^$r?g^-r5;^i£lC:JoV^-C. 

a, S r) T i O3 moBi^^^^ ^^<Dm^(Di^mt*^B a 

a, sr) T i m<Dm^^2^m^n^\ »2^Pg 
t t-r^ 3 \ct^m,<oMmmmmmj^^yj 
[!f*^5i Bamn. svj^m. rimnt\.xB 

p Mit^!^^^^ ^mmmicmt^Ltzmm^F^^^x c v 

yf-!?AS r T i O3 M^f'^>'g^^'<y !>AB a T i O 
a(Dv?bV<n^/^;p£ ^VDPMft'&ife, S r (Dv^bV^o 

<!: icft^ LTCVDi;:J:<9^^ 

^^A^ (Ba, Sr) T i O3 M 

T imcmmm\\^x%mM^^mt\.x^^'i-^ 

T C V D (c J: »9 ^JS^^ti»cOii5^S%m^StS±lv:JF^ 



^:/DPM>fl:'g^it^, S r COi^bV^n^/l^^i$^:xDPM^t: 
-g^^. T i CDi^t:V^n^/^^>$^>'DPM^[:'a^i^*C$>'9. 
T i Oi^tV^n>f/^^ ^:/DPM>fb'&i^C05>^tCj:^^ 

Mg^^b^^ iO^a [Cl'fefe:!^ -f § CO -C 6 

[fl*« 9 ] -SWa-C^S ^ tifcS«±tC C V D 

ICJ: i^^^y^/^y hny^r^i^ (B a, Sr) 

T i O3 nm^m^ir^:)5mx'hox^jy<D (d - 

(1) Ba^mm^^^-c^^xWMm^^-^mmh 

b ^mp^(ow-^ 
e T i m\m.m. 

^y<y t\.xm\:.^'^xmw.±.\znm^mm\.'t 

(2) ll^cO»J^Ji^^lc3feS:or. ±12 (1) (Da--c 

T iil5|£f^S^*:fe^^2 0^X:y7^ 

(3) ^2<0^7^-/7'-e*ie)fcT ii^^Sf^a^JiU^^l 
(DT.y'y'fX'^i^fcBam^mmt S r i^W^j^S-C^K 

^?l^^'r^S3co;^xy7^ 

[fl*3l 1 0 1 C V D J; 19 S;K±{C»K(7)Jgfi^;!55fi^ 
[fS*^ 1 4 ] TlfI5m^l;6W^ 1 0 0 n mi^±-CJi.o 

1 1 \mm(D-0,mmmnmmmo 
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[fg*3f 1 6 1 mmmmmmt'-m^m i Lf»^9 
BmoMmmmmmmmo 

[0 0 0 1 1 

tB±ia (CVD Chemical Vapor De 
position) j£lc:Jott5^K*i^. ^l^gB>S.i; 

[0 0 0 2 J 

(DRAM) -Cll. 3 ^PBlt- h^/!*^ 
[0 0 0 3] ^(D^otj:^^y<^>i^mm\C^^^tl^ 

•t^j:t>h^mnmu^^m^^^m^\c:^^^x\t. m^^ 

5o t.tz. ©^^:0^)^DRAM£Odr^/^'^y^fflttSi±{C 

htmxh^\:ih^^f)^t>h'r. cvD^mntLx^^ 

xm^J:mm^^^^^h(DtmiELfj:\^^Z t7if*^±^ 
fj:?mt^J:<:>X^^fZo Zfl\t. ±tLXCVD^mnt 

y (DPM) {t:^^coSnfi{cJ:5^{b4#tt^5^»-c/.?v^ 

[0 0 0 4] ^<DXo^J:^Ur\^^^^X. *%0J#bfi 
ti^3^0@^*:J[i3fS|-t:THF (rh^tKn^'^:/ Tet 
rahydrofuran:C4H8 O) irV^p^^^ 

Lxmmiti-^ zt\cx^ xmm^mmmc 



i^m^^+^\cmt^'^xR}t^m{c^mzw^x^ m 

9-^. 4#il^5-2 3 8 3 1 5-^) o "^fc. T i 
-»(-J:<^ffl$nTVN5TT I P [Ti (O-i-P 
r)4];6^P>Ba, S r J[I)|Sf CD PM^^O^^^^yl^ 
i^^t^/^D^/V^t ^-^^ hT i O (DPM) 2 (-^M-f^ 

mik^^iimn.^\^^%^<D\c^^xh^:itm^m^ 

Lfc (1$S¥6-5 7 3 5 9-^) o Mt-, 

VDm\^X^ (Ba, Sr) T i O3 K-ii LfcTlFIsm 

mmm^^mmLtz mmv^^- 326971^. f^m 

^6-3 2 6 9 7 2-^) o 
[0 0 0 5] Lf)^L. rc^^lS^lbCVDia^a^fflV^T 

ofco HIS 0fl^#M¥5-2 3 8 3 1 5-^{C^$tifc^ 
CVD(;:J:f9 (Ba, Sr) T i O3 

-So 2lltS;K. 2 3Jlj[^3isf:??f>^»^2lf^. 2 4nmitM 
m'^'S. 3 1 (t^lbS. 3 2 fiS/J;:^. 4 1 \t^^:^:^ 
4 2ll*3K;^f;^fl:I^SS^. 4 3liJPJEf^. 4 4ll?g 

7 bffl y 4 8 it%im<Di)m t: - ^ . 49 
t - ^ . 5 2 jisj^;^;[jDi»^ii. 5 3 nm^mmm t - 

[0 0 0 6] Els o^c^-r^^S^{t:cvD^e^v::^3V^ 
^?^;^;^N2 ;65^(?:'SSl:Sr«r3R:^;^l:ISSS4 2tc 

Lx\^^^t>^^^mt^i^n^^4 4\^(Dmmmm^^M}£ 
^ 4 3f)^hnm^timwj^mi^f^^4 5{cx^Mm^fh 
x'^mtffiy :^/^4 7 ^mvx^^^n. ^im\^<D^ 
i\:m4 9^mm^ti^. ^it^^^x^it^tifzmn:^:^ 

^Dm^fhfzmn:^^Wi^'S2 s^m^x^jtm-^tm 
^^tL5o ^zxmitmtRjs^Lxmmmm\::-^ 5 

3{CXiOl]m^fhfzm^±iC (Ba, Sr) T i O3 1® 
^f^^-r^o fcfcL. ^|g(^ga(c4oV>Tf^[§l3 0(C^ 
i-?^<^ilJiSftt*&i>^^rA4 3-4 5^SB a, Sr, Ti 

SiS^F^IiOa JE;^l'-'10Torr.{g 

-^^^ma4 0 0-60 ot;-C. i^J|£fgSl:JS:Of^^^ 

neg-C]KJ93 0 OA. (Ba, S r ) T i O3 KtOffi 
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f&it (B a + S r) /T i = 1. 0 i^b^^^j&m^ff^^ 
[0 0 0 7] 

(B a , S r ) T i O3 1^ (i^TB S Trntm^-t^) 

^^mLfzm'^. B a , s r , T i ^ti^tio^nmA 

[0008] Ba, Sr, Ti (D^J^—^£B^'^1n(Df^ 

mic^^^^xmrn-r^. :^mmuitcvDmmt. Ba, 

S r , T i ^^^-r^D PM^it^mt^tl^tim^J:^ 

4 2 0 ^tc Lfcii^mx B s Tm'^mtm(Dmm^ 
i^~^ji^m*^mi^ btitzo Hi 3 1 . 3 2 (oi^mitm^m 

^^i-^—^U<O^^Xh^o El31ftBa, Sr, T 
i @f2^ig3|Sf B a (D PM) 2 , S r (D PM) 2 » T i 
O (DPM) 2 ^^timW^g^^jTHF (rh^tK 
n:7y etrahydrofuran:C4H8 

o) \zmfi^i^tcmm(Dm&^-'&\^Lxm^\iRu'mm 

±{C2 5>rB^CVD (Ch em i c a 1 Vapor D 
e p o s i t i o n) ^mLfc^^ >my<V 

(B a, S r) T i O3 M (^TCVD 
-BST^^B&I") OBa, Sr. RUT i<DAES 
(Au gerElectron Spectrosco 
P y) :t-v^:nS^5^^t;:J: i9*i6fc]^Ji*-f^m^^^ 
^ll|-X?fc5o J^g^iiS^^^J 3 0 A/m i nXh^. ^(D 

mmnmeoAxh^o z^x\tRumm\^j5:^<\^^ 

tlXm'¥<OT i B a , S r \tWt{P"t^M\^^7r^ 

tTV^-^)o rcD^^tt. Ba, Sr, T i -?:tT.^*n<OlI 

t mii±t-l^-^#-C?f^^ Lfe C V D - B S TlKOl^ 

[0 0 0 9] flirlBC0j;5?'ce«e*OCVD-BST^^y 

J:orcVD-BSTKco^IgJ:;65^75ct9. */c. ^^'^ 

m^2 KDmm^mtf^mtL. ^mm^'^\^fS,mx^ti: 



[0 0 10] ^fc. m^ommmmnmt^n^mmt- 

O^Mt>hofCo Il]33(lPierre C. Faza 
n: Integrated Ferroelectri 
cs, 1 9 9 4, Vol. 4, pp. 2 4 7- 2 5 6. 
"Trends in the developmen 
t of ULSI DRAMc a p a c i t o r s " 

*Dv^r. iiti^v ^ymu. 3 3\w\^\t^^xx^fc 
x^fzmmmum. 3s\trztPi}'f^-vi^v=^yxx^ 

7{zv y^yy^-t^v'^y^xm^L'tziiiccyD 

mx^^ y ^> u mmBBB 3 7 (^^® 

W^te (CMPffi) m^UXmUfcT'^i/S 8 0± 

^>^^'C;bnxLTJi^^Lysii^$ 2 0 0 nm^ h U-v?y 

- K3 5cD^®^i2^^CVD^lCj: I9J1^ 3 0 nmCOB 
STM3 4-CSV\ >^./^°5/^5^^fe-C&^^^SL 

Tir/UT'u- h 3 3^Ji^^-r^o C(7)J;5icLTm$ 
t^fc=^-^/^v^^c;^oV^T. 'fe/VT'u- h 3 3 i:;^ h 

i>y-K3 5c^rat-®JE^^;(jni-^ t B ST^3 4CD*^ 

-V3 5(D±m^^bmmm\cwm^h^^^t\cfj:^, 

hJEco J: 5 ^J:^ij^^(omm(D^^^<^^^ ICCVD-BST 
l^^iiffi Ufc^-g^. -^yi-yu-h3 3.h^ ^U-v^y- 
K3 5cDFat-mjE^MD-r§<b. BSTjK3 4<7)jy$;65 
3 0 nmtii^S nmS^-Cfe^^ h U-v?/- K3 5 

(DMUs 6(D&m^^m^)t^xm^^tzi^. ai^^fofc 

M/-v^y-K3fif^cOBST^3 4tplCfficoa5^(C 

It^xm^^^^J^n^^&tm^i-^o z<Dtz^^ 

mm\t±m\^m±\^x m^(oi^m>x^ti:^\ 
w\m<Dm^^'p\t-^/^y^-h<DTf&3 9{zh^^ti. 

h 3 3\z^^'r:^<Dm!£^^MLtzm'^i>\^ 

-i^mMn:km\:im±LXL-^\^\ mi^oi^m^x^^j: 

^^t^^ofSM^hh^tZo 
[0 0 1 1] ^fc, BST1K3 4(^JS^;ii5 3 0nrai>^ 
h l^— v^y — K3 5(DM^ 2 0 0 nm^ < f>-<-C^ffi-e 
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hU— K3 StT^fiffi^^^trde^/^-yi^rfOfl;^^ 
[0 0 12] Z<Dmm. KJI*-fRj(CB a, Sr:}b^J:tK 

m*-mt y.xh^mcmmmmmm^M^'r^ ^t^u 

[0 0 13] 

mm(Dmf&i^m\t. b a mn. s r t i s^ef t 

TBaOOPMib-g^i^, S rCODPMft'&ife. T i c^D 

D\cX^ (Ba, Sr) T i O3 M^?l^^-r§:tr&i;::jo 

[0 0 14] ^fc. (B a, S r) T i O3 

< LXn^^t>ti^2m^^tt^^mmxntj:t>tiXh^ 
[0 0 15] ^fc. ^g:Pg£0^(cr^-/wMS^tT5 <fc 

^tCLTtiSV^o ^fc. (Ba, Sr) T i mcoM 
^^2^m^m\ m2^Pg-CJ^^LfcM^6 1 0-6 

4 ot:-cr^-/w^su-ct>Sv\ 

[0 0 16] ^(^^0>^{C^6ig^m^?§^<7)Ji^^:^& 
BaSJ(e|'. SriSiiSf. T i IgJiSf LT B a <^D PM 
ft^i^. S r (DDPUit"^^. T i c^D PMfb-g^i^^^ 

^ ^r«^?PJ(-^;i>- Lfc^fg^^ I >r C V D J: (9 

?^^-t6*ffilC^oV^r. S r T i O3 l^i: B a T i O3 

[0 0 17] rto^^tc^^ii5^a^»K<?^?i^^*j£ 

Bai^i|Sf. Srl^J|S|-, T iim^tLXB aCDDPU 
it^i^. S r COD PMit^!^^. T i (DD PMit^i^^^ 

th\CW^\^XCVD\ZX^ (Ba, Sr) T i O3 ^ 

^mf^'t^:^m^^^^X. mm:^:^<r>mti\^y' hy\i K 

n:7 7>'^;fjDx.fc^|CBal^)|Sf^fS. Sri^JlSf^?^, T 

i mnmm^mK.xn.m^E^^^mt Lxm'^-r^ ^t^ 
[0 0 18] z<Dmm\^W:^Mmmmmm(Dm^j^& 



mm^m^mt^^^^t^^mt-r^hoxh^o 

[0 0 19] ^fc. ^m^mit'B-^t^B a(DDPU^it 
-g^i^. St<DD PM^it-^^. T i COD PM^it-^^X 

h^. T i(DDPMmit-^^<D^M^^^^^mm\:^(o 
mmf}^s^(Dmmm.mm^'r^h(Dxh^xhBi\^\ 
[0 0 2 0] z(Dmm\m^^mmmmim^^mt. 

hn:/f-^A (Ba, Sr) T \ Ml^^ 

mf^i-^:^mxh^xUT(D (1) - (3) <D:^T^y:/ 
^tt^hoxh^o 

b MS^Ojf^ 
c g^COjp^ 

e T i m^UM 

^^^y^^-^tvxmt^'txmm^imm^mmL^ 

(2) ll^<0»MJl^^t-5fei£or. ±|E (1) <7)a-c 

T im$^mm^^^^fH2(D:^y'y^ 

(3) »2co;^7^^/7'-c?*i6fcT iMftg^fi:fcJ:r5mi 
co;^x:/7'-e^J^?fc:B aom»Sl:i: S r JgJ|£f«L»-C^ 

[0 0 2 1 ] rco^P>gic>S5i^^m^»mK3g$^Klt. 
C V D J; <9 gfi±tC?$]^(OJ^^;55tT?:^ 

(t. rcog?|g;^;=^«^l=rttctS:*t^timII5SSco^®M 
&^m^^'^^^m:>'^h^m^^\>(OXh^, 

[0 0 2 2] ^(nwfi\m^h%mnmnm^M^. 
Kt> wCo®Ffl*6^]^^i:3i-ra?L(wis:tte>tvfc^mi4 

mm^^Lxm^ t fx^tziMnm h-^mk.fz^<ox-h^, 
[0 0 2 3] ^fz. m^}L(D}L^nm(D-m^T%mm 

[0 0 2 4] ^fz. }Mnm<J:>T^t^'TUnM 

(D-^^hmyim^x^^x%\i\ 

[0 0 2 5] ^fc. 1 0 0 n mi^±-Ca 



-5- 



[0 0 2 6] ^fc. Tumm<om^:3fsxxfmmBmm<D 
[0 0 2 7J ^fz. ^mmmnmr>m^mi^^\^^Lm^ 

[0 0 2 8] 

MMom^l. BSTHtf^fOBa, Sr, T i (D^i^- 
^j:7L^^^(D^C^mm^m^^rcMc^ Ba, Sr^ 

SOPM^^l^-a^i^fiB a, S r ^^^i-5DPM^>fb'& 
^^tt^ji^t^^o Ba, Sr, T i ^Sr^^-f-^DPM^ 

Ba, S T^fc}tT i^t^'r^DPMmt^^(D 
hti:\^^^t^^t>:^^^o o^^. Ba, Sr, T i 

-r^D PMi^i\:'B'm(D^ti'eti\c-D^^x^mm&(D^M 

[0 0 2 9] H 2 \t:^mm(D'!^mMmMI^B0.Jjm<D- 

^mm. Ba, s Tm^^mmm^wp^^^^txm 
nmm<r)mm^mi\:^^xmmi7\^\ci^-^m^<Dm i 



rcii-zV-rSo ^lOBSTK±{CM2C0BST^^^C 

u{;:-Kx.TP t ^;^y<y^ ]) >'^LXh^^\ 

[0 0 3 0] ±i^6^Jf^^0$(^B a, Sr, T i Mn^m 
4 0X:^ N2 #11^ ff'. 1 0#. ±it&J^cr)r^-/W^ft^ 

fi6 2 St, N2 nmn^p. 1 os?-efe5. iu^^(?)t 

-65 ot;d5iiLT*5*9> ±mm\m^Bi\:^'^^tiMz 
mt^i^^-r^fzi^e 1 ot^'-e 4 ot:;6SJgt-cv^So I?] 

B a , S r , T i iIJf£fS«J:i^^ 
f-iSl ^l^-co^f^-C$5So ^icOBa, Sr, T i CO 

(Ba + Sr) /Ti=0. 8ta 
P>v^^^^l:-e$>^o ^1C>T i com!|sf^^SStl:$r2 0% 
?g ^i-;6^3l}^B a , S r (OH^St-^^^JftlcO-g^ff ^ 2 5% 
Ji^t^. (Ba + S r) /T i =1. O^a^V^^Tt 

5o ^icoT i cos;|sf^?gJSl:^3 3%i^bi-;0^X(tB 

a , S r (Dm'^m^MM(D^f^^ 5 0 o/oit-^-^f^ ( B a 
+ Sr)/Ti = l. 2ta^t/^i:-C#^o 

Ba, Sr, T {(DM'i^mmmM^mm-rh^tx (b 

a + Sr) /T i(DBmm.f&it^ii:M\^^^X^^o ^ 
ItOBa (DPM) 2 /THF, Sr (DPlVDa/T 
HP, T i O (DPM) 2 /THF X h7t: Kn:7 
^> (THF) (C/^y iJ'Av^tfy^n.f h [B 
a (DPM) 2) - ;^ hn^^^7Av^tV^n^/M 
-h CSr (DPM) 2] » ^'^^/Wi^tV^n^/U^^ 

i—h [Tio (DPM) 2 ) ^mmLx\^^^mmxh 

"bo 

[0 0 3 1] 
[^1] 
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Xift S 


Ba(DPM)z/THF (0. Iraol/L) 0. 04cinViniii 
Sr(DPM)2/THF (0. Irool/L) 0. 03cn)Vnin 
TiO{DPM)2/THFC0. Imol/L) 0. ScmVmin 


^ « s 

^ ® E 


Carrier Nz flow rate 200sccm 
Vaporizer temperature 250 X. 
Vaporizer pressure 20 Torr 


m <t m m m. 


0? flow rate 1 sini 


Ix It^ ^ Ml & \ Reactor pressure 1.5 Torr 
^ WL )t ' Substrate temperature 420t; 
& ^ tt H , Ru(2000A)/SiO,(5000AVSi 

j X(iPt(700A)/Si02C5000A)/Si 



[0 0 3 2] ±.^(DXoii^M^l^ftBSTm<Dm^^m 
Tm\t^{^^<DB S T^±I^S 1 mm<D±UM^P t ^ 

^wmi-^o ins i mm. 211s iOaj^, 5 9\t± 

fv-fv- h (±gis®fii) , 5 8 tl;^ b u-v>y- K (T 



[0 0 3 3] 
[^2] 







•MHaSJiCat + l. IV) 


% m \ 


0, 56mD 


8. ixlO-'Ay^cm' 


%m<r>wm 1 


0. 50nm 


2. IX 10-^ A/cm* 



[0 0 3 4] ||*£0?i^lS2. Il5f^:*:^0^<?5ii5^m^^ 

llSiS«. 2113 102^. 3(lT?FISRufl;1i. 4 
ffl^it (B a +S r) /T i = 1 . 2 --^ 1 . 4:^bV^-C 
2 5>r^:^^Lfc^USgBSTK. 5(1 (Ba+Sr) /T 
i=0. 6 — 0. 8;^ibV^T*65^K±iaL/c±JiSB ST 

iK-cfoSo r^/^7 7^{bL^i-v^^]^^u^coBSTM 

^1-S2;^Ty>^^M$r:}^r;:f5^^i-. Ba, SrO 
^r^-T?:fe*^^(DJ^Jf;^[R3T*B a^OtS r <7)T i tC^-f"^ 



a + Sr)/Ti=0. Z'-O, 8 P>V^-Cli^ Lfctt^ 
^ ibn/c C V D - B S T 

[0 0 3 5] 
[^3] 





mimmnmm t.. 


■HScftJLCat + l.lV) 


vt M m I 


0.56nm 


8. ixiO-^A/cm' 


^m(omm 2 


0.52niD ! Z.SxiO-^A/cn* 

1 
1 



[0 0 3 6] uteto?!?^ 3.07 \t:^mm(Dmmmmm 

(B a + S r) /T i =0. lUb^^vm^L 



tz^mBSrm. 5\t (Ba+Sr) /Ti=0, 7- 
0. 8:^3llbV^-C*Sbfc±i&BST^-Cfc^o 2>^T5' 
yf&m^^^^J:om^\^. B a , S r £0^lSmJ|SFO^ff 
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^If^Tf^-CB a^U^S T(DT i tC^-f ^ifi^ltt^Sl^^lt 



<t f9#i6(;i, gp^Mfi^it (Ba+Sr) 

^i^^f^tt^l tl^i:-C*)§o ^mmh (Ba + Sr) 
/Ti=0. 7-0. 8:Ja(bl/^-CJtaLfct¥5fE«^Ji w(0 

[0 0 3 7] 
[^4] 







^hmmiUt-^i. IV) 


^ m 2 


0,60niD 


1.7xlO-'A/cra' 




0. 56nia 


4.5xiO-^A/cm^ 



[0 0 3 8] mmcDmm 4 . n 9 

Wr^Mxh^o 6 1 0 — 6 4 ot;-ci mr-— 

H3l^6 2 5t:. N2 lOS^r^fet). 6 10 

^-6 4 ot:coffiiart-c5b^o ^<Dm. mBor^— 

[0 0 3 9] ±aMcDr^-/^M«^m^4#ttc^M^^ 
jfeKt^ r "/l-^S t T V ^ V ^ C V D - B S T 

i i {ZTj^-ttK l 5 o 

X^o&mVCO^ (m/e=4 4) O (m/e = l 

8) i^im:^:^t\^XiikWi^fi^^t^^t>t^^o ^(DCO 



[0 0 4 0] mm<omm 5 . m 1 3 \t:^mm(D^mn^ 



^#H6 2 5t;. N2 ^la^ff'. io0?-efe^<, 

hmm<Dmm3(D2:^Tvy'^m(Dh<otitm\^x^5 

[0 04 1] 

[^5] 







')-?®iftJi(at + l. IV) 




0. 56did 


4.5xlO-»A/aD* 




0. SOmn 


9. 5x10-" A/cm* 



[0 0 4 2] 6 . u 1 4 yti^wn<o^^m^ 

»^J^^g^ffC0-Sffi«?y^^-tP t mi^±lC layer 
-b y - 1 aye r ^Ml-<t "9 ^ LfcK^SliT'fo 



So 1 2^mgJ6^^rB^t:L.^1-v^s r t i 03 13 

liltKWr^/l-'y'T^^t:L^i-V^B aT i O^^Xh 

-So ^^§l*6;i^ib2 5)'^-C^t)!4 5^;6^ib6 5>*-e;i5S r 

TiO., 1^. 2^t^hAji^RXy^%j^t^hS^iifi^B^T 

B a T i 



i mxh^. ^fh^S r T i O 



fmrn^m^t^ 2 st:. N2 1 o?>£ot^- 

[0043] roiayer — by— layer J^Kl^t^ 

<t "9 ji^j^^ttfc c V D - B s i:m<Dm%.^^^'^M<^w^ 

m3 t\m.\.X0iQ\Z^'tf)^. layer-by-la 
ye x^mt^^^Xh^^tt^t>t^^, Z.n\t- 
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m^B a T i O3 KJ; 19 S r T i O3 ^(OJj^^'i^^itL 
^1-V^iV>btl.r:Je<9. ^K?J}ffllCS r T i O3 
f^'r^^t\C^^m^s^(0^\^mtmbtl. BaTiO 

3 mr>it^^r^/uyr:^^^<o'c^m>^b^< y-^s 



[0 0 4 4] 
[^6] 





'hmmhUt+L IV) 


mmo^mm 3 


D. 56iiiD 


4.5xlO-*A/cni' 




0.52nni j 6. 2x 10"" A/co« 

1 



[0 0 4 51 nMomm 7 . n 1 6 \t:^^m(DMmn^ 

a, S r, T i ^^^i-^DPUmit^^<0^th^^tl\^ 
o^^r. T i ^r^^-rs DP M^^t^^i^fCov^TiT);^^ 

trv^So rco^t^^S-g^^ft^^fet^g^^^aj^f^B a : S 

r : T i = 1 : 1 : 2Vh^o 

[0 0 4 6] z<Dmf^it\^^w^mcx^xmm\^mt 

a:Sr:Ti = l:l: SU&l^T i O^tEitt^mU 

S r : T i = 1 : 1 : 2 tj:^m^)t<Dni^(7y~'&<Dm^ 
(Dt^b\^T im^\t(D±^tj:mi$^^^i'^^t}tB 

[0 0 4 7] 3l^^cllg^^^Tofc^;^^;lo^^-c^■ro ^ 

mt-^-(Dmti^mMi'^ztxmmwL&^5o ot: 
i:L. ^(Dm&^m.m^4 2ox:\cmMi\.xmmi-^z 

[0 0 4 8] H 1 6 \zm^(Dmf&it^^^:t'-'i^:i^mi' 
^^^XWmLfcm^^^i-, m^M.m^4 2QX:tL 
Xmm\.fc^^\C<:>\^X\t^^m^<OB a : S r : T i 

= 1:1: 2m^\^nib^. m^m&^M< Ltzt::^ 

XO^T i (D^^itt^B a:Sr:Ti = l:l:3g 



1 e{cR.bti^^it 

J: 5 (--t -5 ^ # (c: zmm:^mr^^^xh ^:it 

6o roj:5lc:Ba, Sr, T i ^-^^-f^D pm^{1^ 

^^::ttmMfco mnmm^Mm'r^fznx\t::<Dx 

[0 0 4 9] SI^(C#^nfcCVD-B STMcDm^# 

i&m^f\^x^^^zt^>i:>f)>^o ^fz. ±mm<Dfmitt 

m^W\^<Dm^^^mi llZ^tt*^ (Ba + Sr) /T i 
;^755B a CO3 r CO3 ^?^^ii:1"^i^^^-Cfc^C 

^j^m-sbmi xhm\cm^tix\^^^tv -^mmm^ ^ ^j: 
B s Tmf>mbti^<Dxh^^o 
[0 0 5 0] ^mM<Dmmx\t:. mm^^(Dmt^ 5 0 
'ct Ltzi)^. m 1 (omm^^ 1 ox:u±omtt^hti\i 
'^6^^mcmit:^*-±\:<^^o^m^^<Dmmf)mnxt^ 

-So ^fz. Ba. S r^fct^T i^A^tC^ir^^Jlfb'g^^ 
lC^W^tl.a^Jl7C^O^J<t UTC a, Pb, Bi, T 

[0 0 5 1 ] 
[1^7] 











4.5xlO-*A/'cia' 




0. 54DID 


2,2xlO-*A/cia' 



[0 0 5 2] mm(Dmm s. mis \tm^m:m\cM-r^ 
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u&m&^mmM. i sitmrn^mm'^^h^, mi s{z 

[0 0 5 3 J m 1 9(^P t (7 0 0A)/SiO2 (5 
00 0 A) /S i ft, JI^O. emmO^y]) 

±mcm^ 5 0 0 0 s i O2 u m^^<D± 
m\^w-^7ooAcDPtm^^f&\^fch(Dvh^o pt 

a^S^l 0 0%-Cfe^o Ru (2 0 0 0 A) /S i O2 
(5 0 0 0 A) /S i 0. 6mm<7)v^y ^^v-g^ 

<D±mi^W-^ 5 0 0 0 AOS i O2 ^Jf^^L. 

±^\cm^ 200 0 A(DRum^j^f&i'fzh<o-vh^, 

RuSS^l 0 0%^h^o S i O2 (5 0 0 OA) / 

Silt. i?^o. emmco-yy ^^v-stSco^Bicil^ 5 

0 0 0 AOS i O2 ^^Jl^^Ufctco-C&^o RuffiS 

P tffiS^^r t>l::0%-C&^o TEG (Test 
Element Group) tt, J?^ 0 . 6 mm<Diy 
y =t ^^gS^SlClf $ 5 0 0 0 Ao S i O2 
^(Z)^ffi0 3 5%ICJ[¥$ 7 0 OACOP t]^^?I^M&Lfct) 

[0 0 5 4] 18 C0^ltttOTIIt?fS3ll-fi«^^ ^7^^^ 

i^r. Ru±^®)aSft4 8 ot;, Pt^®MSft4 7 

5t:. S i O2 ±^mtSH4 3 OX:ttiotZo tA§o 

b ^m^<Dm^ 

c v^y =»:/SSoJi: ^ 
d yi-^^mm^ 

[0 0 5 5] a--d<D^<y ^—^t^^it^t^^tlCX-D 

(Ba, Sr) T i m^<D^m7C^(Dm^)t 
(Ba+Sr) /T ir^mt-r^o ^<Dm^}t. 

TT^txoiiC^ ^^y^mm^mr^^it-r^t. b a omit 
nmm,^<n^mim<ommk. (b a + s r ) /t \tm 



ohT i wPrmmzn^^m7mim\t (b a + s r ) 

/T i \z^m't^^<y t^fi\t^^^\ 
[0 0 5 6] ^g^. itSlLfc^j^O^MTC^^l^lt (B 
a+Sr) /T i t^Hff.-r^/^y^-^ltJS^Oa'-e-e 
feSo fc/SiL. B aj®Jis(-ffil:43J:U«S rilJtsf«tl:ll-^ 

b mm.^om^ 

c S^OJi$ 

e T i w^nmm. 

[0 0 5 7] mi^v-V^t LT. /-^^P* — ^ a'-e ^ 
^^fli^-li'-CIS^^rJt^L. ^O^MTC^O^iSlt (Ba 
+ Sr) /T i ^SI3£Lr7^-^^^ffl-r§o ^0<t 
fiMo:«SfiB aiS)|sFirft«::j3j:UfS r IS)|sfSfcfi^- 

[0 0 5 8] |g2;^T5/>^i: LT. mM\^BSTm^W' 

^-r§i;:^LT. 5fe-f iS<t-r^^Jl7c^c7)ia^it (B 

a+Sr) /T i ^ft^-r^o ^fc. K^?i^^-r^SS 
LT*Je)fcT i WMU&^^n^ 1 T'-C^i^fcB 

^mt^^^m%m\t^nr>B s TKoji^^^fr^ r ^ 

[0 0 5 9] ^J;ttft:-i5'iS:^Ma5 1 0t:^C:^oV^r. 
S i O2 ±ir/^^?-::^>'^$ttfcRuO^'^/>^®£0^S 

[Hit^sj^tfctjo) ^gic^a^o^fbtc^s-rs 
so^fcic^Es-r-sT ig^{bi^o^a3iso^{b;65[ii2 

Ba^^k^^. s r^fb^^coJt^jiSiioil^^^i- 
it (Ba + S r) /T i i: ffi^f^tt ^^^^o HI 1 /^^-^ y 
=" >'Stg±l:: 5 0 0 0 AO S i O2 L. 

0±IC2 0 0 0 k<DR\x^^±m\CW^^\^fz^^^^<D^ 
^^(DW^'^&Xh^M.X^fl^o 13 2 l|v::}ott6iE» 

tmit LT >b B a g^fti^ t S r g^fk^O^^jg^ft 15 <t 
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So 

[0 0 6 0] 0 2 2 ItT i JSJ|S|-irf£l:. !:>3iyN^®taa> 

ib. ^=i^y^mmum<Dmtt*^^m7Lm(DmfiSL^ (b a + 
St) /t i icRi^i-m^^frm-ri^'S^^^^jiT immm 
mt^^^i^hti^o Bamnmm. s Tm^mm\tmi t 

in— CfoSo ^Jx.lf. RuSS^10 0%. 

i^-r^nmt-r^^mTtmomf&it (b a + s r ) /t i 

%(tS i O2 -CffiS) cOT>:ii/N-Cf-j:^Siag;iiM 8 Ot; 
Ci^^jtofcirl-^i. T i j!SJ|4jSS:;65o. 5cc/:»co* 

t-^itT imim(Dmm^^^*-m^^\c^j:^m^it (b 

a + Sr) /T i <S{l:LTL.^ 5o ^^-C. T 

i mnm,t^ i c c/^\cm'^'^i^. t i g^ftfeo^a 

3iS^£r-SlC>^^. imit (B a + S r) /T i t>-^ 
[0 0 6 1 ] j^±-Clt. y<y^-:^ a^d<Dm\:\^^ ^ 

(^ipici^pg^ Lrs»-ct6o bst^cd^Mtc^ 

m^it (Ba+Sr) /T i 

^^mm. (Ba + S r) /T i ItJ^a^^^ttS;^!^ 

It (B a + S r) /T i ^— ^(Ct^or i:;6ST*# So — 

[0 0 6 2] BSTJ^C0j?$:&'fR]O&JS7n^<?5*aj5feit^ 
iiefffil:^-^{C{^o^^^B aIli|£fSKl:^S r 

"^(omm^^W^iy^Wi^XhBS i:m<r>^W^im<r>U 

^It (Ba + Sr) /T 1 ^-^iCf SlCli. 116-^11 

stc^ottST ii^J|sfMl:^i/:7 h-rtLlf^v\ T i liJfsf 

(Ba + Sr) /T i coj^# 

#So 

[0063] 1^121. Il22fi. ^1 i:[^^tCB al^ilBf 
mMi^ 0 . 0 4 c c S r I^J|Bf^^fl:;65 0 . 0 3 c c 



/^X-%h\^Xi^mz.\,(DX^^. BaMJlSfJfcfi^S 

ft. ^HLfcB aMJlSfStl:. S rmJ|s^^l:iC:}oV^r±^ 
c7);^r:y:/l'-'^T^y:/3^fr?'.fx.ffav\ Baiffbt; 

J|£Fatl:l::lt^JLTlg]2 1. 0 2 2 £DB a i?>fbi^t S r ^ 
[0 0 6 4] ^±<7) J: (c. T i M^£f«*^^{t$^5 

/^± ^ lat^ inm^^oj^ffi^co B S T]^^#5 ^ ^: ;^5-eg: 
So P t'^Ru;6^/^°i5^"-V^$t^Ti^fel-S i 

02 /$5^WL.TV>rt>^®P t^Ru-C^i^tlfc'>:^/^ 

±^ t5i^inagcoMK(^ B s TS^^f 5 <h L 

[0 0 6 5] ^Ife£^?g^ 9 . [g! 2 3 l^^i^Oi^^S^ 

?^K?g^;^S(?5-^ffico?]^^^/T^-rffiB&ll-esfeo 2 6 

f^Na 2 7flBa (D PM) g/THFii^^ 

2 8HSr (DPM) 2 9(1 

TiO (DPM) 2 /THFfl^^?e^. 3 0ftTHF. 

3 1 3 2 ftSJS^. 7 1 lt?S^^fEft=i V h n 
-7. 7 2ft^i*:$fEl:=3y hD-7s 7 3 H:^IPJE#-Cfe 

So 

[0 0 6 6] wpmmt%\mz 1 

i:v^tt/<^:v^ Li^^U. iS)tsf^?S(tN2 iciittS ^S^jr^ 
Et=[^-cf£^ "9 ^^^-t-S^fi^tt;65foSo ^:iXimm 

<Dy^y\z.mni:v^¥^Q^^^x\^xt^h^^\z.mM^ 

m2 7, 2 8. 2 9^^ALrv>< r i:{cJ:or^?se^ 
-^fe S r ^ < ^^{c:^>fb^-^ t «^-rs r t 

^t^T-fcSo SKC^-fB a, Sr. T i S?SSJfSf«cl: 
0^'g^S?]Qf;:€A1-STHF0l:llB a. Sr, Ti^ 

?K^3isf^4(^^ft(^ 1 / 5 }^±r^m-^ L\^'tn^btl. 

0.2 c c/m i n^^Atri^So ^fc. N2 M\t^ 

V > fi H^imh <oBii t^^'&Lxx.\^t^^^^^tmm 

W^mm^^mX^X L.^ b <DX 2 O O s c cmtd^^U 

Tv^So B a , s r , T i mmmr<o'M?M\tm^um 

[0 0 6 7] N2 ;^^2 6lt. iIii£f^fS2 7, 2 8, 2 
9^Q<tU!THF 3 OtC^LTttw^X^;!jPjEUr^^;0^e> 
§ltttl-t*fcie);^c(ti-^t5^xSo Ba (DPM)2/TH 
Fmm. S r (DPM) 2 /THFSfS. TiO (DP 
M) 2 /THF^?S. THF^^g^(7)ifiE»l. fg^frffiS^ 

>vn-y 7 wz^oxmm^fi^o m2 3(DnmM'^ 
mw\^^<omm(DWM\^^^^xh^mx^^, ^<omm 

OJI^ffilCjoV^TIt. THF 3 OttM< Tt>^V\ 

[0 0 6 8] mm(DWM 10. ig] 2 4 \tjf^%m(D-^mn. 
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Olt^^^-. 2 1 figs. 2 2^^i^■fe7'i$^. 2 3ltm 

matmm2 KDmmm.m^^mi-^^^m^'^^i 5 
[0 0 6 9] -r-<x^^y^(DmmiM.&t^^yr^^<-^ 

fc. ^(7)J;5lc/^"^?-^:x^$tLP t-^Ru/55S i O2 

[0 0 7 0] mm<DMm 11. igi 2 5 \t:^mm(Dmmm 

%flfz C V D ft-CJtS Ufc/i^x^ ^j^xx^fziMnm 
xmm\^fz/\^'r=^^j>^ (Ru) -c-etfcTSPSli h 

x.tf-^{k:^>r^ (s i 02 ) xx^tLmfmumxh 

TKUi/y rivl^ (Po 1 y S i) XX^fc:^ M/-v^/ 
- K 3 5 i: h h 7 y v?;:^ ^ ^S^Wtc^g-S^T^^ ^X 

[0 0 7 1] EI 2 5 \zf^^if.^m<o~mm<DWM<D^^ 
tho rM\\:.^><mxx^fz.mfmmm^7\^')y^y 

v^1#ttoSttfccvDfe-^7Ky fyy (Po i ys 

1) ^rn^^ih^. mmmmz 7 (D^m\mm\.fzn^ 

^±m=^yi->^^^^\^^m\:.^^WMMmm (cmp 

7^6 8CD±I^, >^/^*i/^^t?±i^LfcJ¥$ 2 0 0 0 A 
(?3RuM6 5^. 1 0 0 nmCD^^fbi^y ^iV-^ (S i O 

2) 1^7 1 ^•^^^iJ't^iTifecoSFflifeiiiJKe 7^-e. 



(b) o ^y'^>^:fj^\t^^^V^l^R\E 
mVi\.1tK]^^\i^ir>:^y'f'>^) Xh^ . ^#HC 1 
2 / (O2 +C I2 ) =7. 5%. 'g*tf;^f;^^3 0 0 s 
c c m. Rj^-^^ti 3 0 mT o r r . r f Xti 2 5 0 
W, ^^2 OOGauss. rcoirt, 

V\tA 0 0 A/m i n-Cfc(9. T^£0irBlJfel^M$:3 0 

i^y-KO{IWc^^gati8 0° ir/j:-5o ^lO^SBft-g^tf 
p C:x:y5^Vi/^g(CTA r i:*^^^^&tt:^;^#ll^^• 
K<??MlfB6 6^Ai^)5 (c) o :^y<y^^yi'<D^ 
fd^f^Ar 1 0 0 s c cm. Sfi;^;^5mTo 
rr. 7'^X-rA;^6 0 0W(/)^Ji^;/^>'^U-h(i2 
0 0 A/m i n Xh ^ . ^m:^f^ 3 0 g^CO^-^, ^ h U 

20Qnm(O:^V\^-'i>J—VZS(OmM±W-^. CV 
D&(wJ: t9ii:^ 3 0 nm(7)B ST]^6 (d) , 

i3^<Uvi^^mc^flfzCWBmXJ\^y'=^^J>^ 
^^JtSLT^/WT'U- h3 3^?^fiK-r§ (e) o EST 

[0 0 7 2] zMit^^mxx^fcmmimM^ 7\z\t 

"CiS^^^SMB S T 6 4 (h-feyVT'U- h R u 6 3 

^o\^\^xm^^f\.fc^^y<i^df\^^^^x. -^/v-fu- 
h6 3 hu-v^y — K6 scoFfltcttE^MP-f ^ 

^ hu-i^/- KcOHSee 6 0*^^^&;65 5 0 nm 
i:BSTmJ¥3 0nmaSl-±#V^ri:(cJ:i9, 112 7 

\z.^)-i^mM(Dm±'^nux^^o rtvf^. waseeco 

S^^^7)5;k:# < /^ofco-CB s Tmo:>nmm^^ < 

oybwi:(::J:^o 02 8(?DS-Nf±;^ hv— v^/— K(Z) 
mxh^o ir/t'T'u— hOTSSSe QOS^^tf 

ir/wXu— b 6 3 M^— i^^/— K6 5(7){I!I®T 

h6 3^^ hu—^y-Ke b<Dmmy^x.'om<m.^ 
^^<'y^<Dwmh\.x^m^mmxt. nMM^^m^r 
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[0 0 7 3] smmmmcommte oi^om^comm^ 

v^6 0ST*fe5o ;^ hu-v?y-K<;ofliJ®TS7 0{c:}o 

0 S I- -r ^ w ^ J; 19 i^fp $ tir V > 5 o 

1 0 0 7 4 J 12. m 2 9 tl;$:^P.q<?Dii5^tt 
^K^m-Cfo-So ^/i-T'u- H 6 3 h 

/ - K^offliJBTffi 7 0 (cio tt ^ t> 1 1 1^^ 

Tl^ 6 4 fmjgo?i?^ 1 - 9 <0|iK?^^;^ifelc J: *9 e> 

B s T ^m\:imm Ltz-t^. p z T^ffi(Diis^«^W3|si--c 

mw -^cDBa, sr, T immwM^^^x^^ 
m^&^mt^^xm^\.fzBSTm<D'Q8., sr, t 

1^3] z.(D^m<o-mM<DmMxm^^fiwMU^^ 

[Hi 0] r<?5^§^O-^i£o?^®tcJ:0?i^^UfcB 

■ha 

[g|l 1] ro^^co-^jFfiO?i^^icJ;0?i^^SUfcB 

[gii 2] z.(D^m<o-%m(omm\^^^w^^\.fz'Q 



[Ell 3] ^<Dwm-'%m<Dwm\c^^wM\.t:.B 
sTm<ommmmxh^o 

[mi 4] w(?5^P>go-3l5Sco?i?^{^<t i9?f^^LfcB 

[mis] m 1 4 (Dm(DW^m^m^'^tLWMmm^7r^'r 

[mi 6] :i(7)5IP^(7)-||ffic75Ji^^-C?i^^$tvfcBS 

[mi 7] z,<Dwm~mm(nwm(D}L^m(o^w. 
(Ba + sr) /T \)ALtnm}^'&(om^>^^-tmx 

[mi 8] z.(Dwm~w^<owM\^^\i^^^^^m, 

[mi 9] r(7)^0J(7)-|IJffe(7)?g^lC:JbMtS t->5^- 

[m2 0] rco%^<z)-^iSoji^^i^:}oit5SS^® 

[m2 1] ^ :^^^^mw.m^mt^^xmj$.\.fzB s 

TKcOBa, Sr, T i cOX^«3t5^tFr5*S^^-rm-C 

[m2 2] ^7^/^S®^agi:T HSftSttt^^^b^i^r 
-C?i^^LfcBSTK<DBa, Sr, T i (DXWIkit^^ 

[m2 3] rco^p>g(^-3l^gc7)Jl^^-cfflv^fc^|gK3g 

CO ^ m -c & ^ o 
[m2 4] :L(D^m(o-mm<DrMxm\^^fznBM:m 

nmrnmnmrnm^^-rmxh 5o 
[m2 6i E12 5, m 2 6 coii5^a^?iai«5£osi3g 

7" n -fe- ^ ^ i" m "c 5 o 

i^^ffl;^^^^m^W4#tt^^-rm-c^b^o 
[0 2 9] ^(Dwn(D-'mm(owM\^^^'Bis.'^fifz 

^'mmmnmm'&^^'fmxh^o 
s^^-fm-cfoSo 

[m 3 1 ] %^<DM^m^nmr^^i5mc j; <9 r u ± 

(c?i^^LfcB s TM^^ffi^ :^fRj*a^^^mT$>5o 

[m 3 2 ] %^(o^mnmnmmj&-^m\^ <t <9 p t ± 

(c:?l^^LfcB s T]^o^$;^fRjffl^5J^^m-cfeSo 

[m 3 3 ] ^^ommm^nw^^^^yv^'rmxhho 

1 2 s i 02 K 

3 R 

4, 7, 9 ^JOSlBSTi^ 5, 8 ±ifeBSTK 
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6 P t MM 

10 r^iBST 

12 ST 

13 BT 

1 5 

16, 17 ^MM 

2 0 ^ ^f— 
2 1 g« 

2 4 O2 
6 N2 

2 7 B a (DPM) 2 /THF 
PM) 2 /THF 



1 1 Z^S B ST 



1 4 v^^y — /X/i/ 



1 8 mm^mm 



2 2 f-irT"^ 



2 5 %yr-i^< 



2 8 S r (D 



2 9 T i O (DPM) 2 /THF 
0 THF 

3 1 ^{b§g 3 2 

6 3 ±§i5mS (iryW'T'u-b) 



6 4 ii^iim^ 



6 5 TSlittll h v^y— K) 6 6 ;^hU- 

6 8 T'yi/ 



7 1 * 



6 7^ 

9 mmM<oT^ 

7 2 hn — 7 
7 5 ^S^JI-ir Vi^ 



7 3 ;!}PJE# 
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